CCI, is a hepatotoxic haloalkane, capable of producing hepatocellular fatty degenention and centrilobular necrosis. Previous reports indicate induction of liver regeneration after 3 6 4 8 hr of CCI, treatment, which is considered as a secondary effect. The present investigation was undertaken to evaluate the primary effects of CCI, on hepatic DNA synthesis and to correlate liver regeneration with CCI, toxicity. These studies were conducted in normal and actively regenerating livers using male Spngue-Dawley rats undergoing sham operation (SH), or partial (70%) hepatectomy (PH). Incorporation of 'H-thymidine ('H-T) in hepatocellular nuclear DNA and autoradiographic analyses of liver sections served as indices for hepatocellular regeneration. Initial experiments established that peak regeneration occurs at 2 days post-PH (PH,) and liver regeneration phases out by 7 days post-PH (PH,). SH and PH rats were challenged with a single ip dose of either corn oil vehicle or CCI, at either 0.1 mVkg (to represent subtoxic dose) or 2.5 mVkg (to represent toxic dose). The low dose of CCI, was not toxic and did not alter 'H-T incorporation and percentage labelled cells at 6 or 24 hours after administration to SH, PH, or PH, groups, indicating that there was no interference with PHstimulated hepatocellular regeneration. The high dose of CCI, was significantly hepatotoxic and lethal in SH rats, while in PH, rats both hepatotoxic and lethal effects were significantly decreased. 'H-T incorporation as well as percentage labelled cells, highly stimulated by PH, were significantly decreased by high dose of CCI,. However, hepatocellular regeneration in PH2 rats treated with high dose of CCI, was still significantly higher than SH or PH, groups by virtue of the stronger stimulatory effect of PH. In PH, nts, where hepatocellular regeneration had returned to the SH level, the hepatotoxic and lethal effects of the large dose of CCI, were also restored. These findings show that the progressive phase of a single high dose of CCI, injury which normally culminates in hepatotoxic and lethal eKects is significantly mitigated by previously stimulated hepatocellular regeneration. High dose of CCI, suppresses hepatocellular regeneration at early time points after administration in contrast to the smaller subtoxicdose ofCCI,. By virtue ofthe much stronger stimulatory effect, PH results in the protection against the hepatotoxic and lethal effects of CCI, despite the obtunding effects of the high dose on hepatocellular regeneration.
INTRODUCTION
CCI, hepatotoxicity is manifested as dissolution of the endoplasmic reticulum (42), necrosis of centrilobular cells (4, 48) , changes in fatty acid composition of the membrane phospholipids of the endoplasmic reticulum (35) , and failure of energy production by mitochondria (46). The mechanism ofCC1, toxicity has received a great deal ofattention over the last few decades (28, 36, 40, 41) . Several mechanisms have been proposed for the toxicity of CCI,, and it is generally accepted that the trkhloromethyl radical resulting from a one electron reduction, is the reactive intermediate involved and that in the presence of 0, this is further converted to 'CC13 O2 radical (7, 11, 12, 28, 36) . Although these mechanisms explain the initiation of liver injury, what events lead to the progression of hepatotoxicity leading to lethality remain obscure. This is particularly noteworthy since a majority of the administered CCI, is eliminated well within a few hours (7) .
Induction of liver regeneration 36-48 hr after treatment with a toxic dose of CCI, (25, 3 1,43) has been reported. In view of the time point at which hepatocellular regeneration is observed, this effect has been considered as a secondary temporal effect to hepatolobular injury and may account for survival of some animals. We wished to investigate the primary effects of CCI,, since complex interaction of chemicals with CCI, toxicity occurs much earlier. For example, potentiation of CCl, hepatotoxicity by chlordecone (CD) has been observed as early as 4 hr and the rats die starting at 36 hr after administration (1, 23, 29) , at which time the induction of liver regeneration has been reported (25, 31, 43) . These studies also revealed novel information pertaining to hepatocellular regeneration. In normal rats, limited injury caused by low dose (0.1 mVkg) of CCI, was recovered to normal by 24 hr because of stimulated cell division at 6 hr after CCl, administration (26, 27) . Such a regenerative response was not expressed in rats preexposed to 10 ppm CD following CCl, administration and these rats began .
to die starting at 36 hr (1 3, 14) . These studies suggest that hepatocellular regeneration stimulated by a low dose of CCI, at 6 hr was Suppressed in CD treated animals. Thus, determination ofearly effects ofCC1, on hepatocellular regeneration might shed further light on the mechanism of this halomethane toxicity. , The present investigation was camed out to study the effects of low nontoxic (0.1 rnVkg) and toxic doses of CCI, (2.5 mVkg) on hepatic DNA synthesis and to correlate hepatic regenerative activity with CCl, toxicity using partial hepatectomy a s a model for stimulated liver regeneration. I n vivo 'H-thymidine incorporation into nuclear DNA as a biochemical parameter as well as autoradiographic examination of liver sections were used to assess liver regenerative activity. We report that the animals with livers stimulated for hepatocellular regeneration by partial hepatectomy are protected from the hepatotoxic and lethal effects of a large dose ofCC1,. The stimulated hepatocellular regeneration by PH was inhibited by high 'dose of CCI, at early time points after the administration. This inhibition has not been reported in the literature and this may be an important determinant of reversibility or progression of hepatic lesions induced by CCI,.
MATERIALS AND METHODS

Animals
Male Sprague-Dawley rats (275-325 g) were obtained from Charles River Breeding Laboratories, Wilmington, MA and were maintained in the central animal facilities until used. Rats were provided with water and Purina Laboratory Chow ad libiticni and were maintained over untreated corn cob bedding in a 12 hr dark-light cycle at 2 1°C and 50% relative humidity.
Clieniicals
Thymidine (methyPH, specific activity: 2.0 Ci/ mmol) was obtained .from New England Nuclear Corporation, Boston, MA. Carbon tetrachloride was obtained from J. T. Baker, Phillipsburg, NJ. Kodak NTB, was purchased from Eastman Kodak Cornpany, Rochester, NY. The diagnostic kits for assaying serum enzymes and all the other chemicals were purchased from Sigma Chemical Co., St. Louis, MO.
Surgical Matlipitlatiom
Partial hepatectomies (PH) were camed out under light ether anesthesia as described by Higgins and Anderson (2 1). A midventral incision was made and the median and left lateral lobes of the liver were expressed from the rat by gently pressing on the animal sides. After exteriorization of the liver, the lobes were securely tied off from the remaining liver with a chromic gut suture and were excised. The abdominal wall and the skin were then sutured separately using chromic gut and silk sutures, respectively. Sham operations (SH) were conducted by making the midventral incision, followed by suturing. This procedure was established, such that a very high rate of survival (>95%) was consistently obtained. All operations were camed out between 7 A.M. and 10 A.M. to minimize diurnal variations in mitotic activity (22) . After the surgical procedure, the animals were provided with normal diet until further treatment.
Treatment and Analysis
CCI, (0.1 mVkg or 2.5 mVkg) was intraperitoneally administered to rats in corn oil after 2 or 7 days ofSH or PH. Proper controls were maintained by injecting corn oil. Where necessary, a group Of TOXICOLOGIC PATHOLOGY rats which did not undergo any surgical manipulations were also used for comparison. Either at 6 or 24 hr after CCI, administration, blood was collected from ether anesthetized rats via the dorsal aorta with a heparinized 10-cc syringe fitted with an 18-guage needle. The blood samples were then centrifuged at 3,000 x g for 10 min at room temperature.
In vivo Incorporation of JH-thyntidine into Rat Liver Niiclear DNA
The procedure used is essentially that of Chang and Looney (8) . Rats (either SH or PH), undergoing various treatments, were injected with 50 pCi of 'Hthymidine OH-T) intraperitoneally 2 hr before sacrificing. We chose a 2-hr-period for 'H-T incorporation, on the basis of preliminary experiments, which showed that this time period falls within the 
Isolation and Estimation of DNA
One ml of nuclei fraction was added to 0.5 ml of 0.6 N perchloric acid (PCA), mixed slowly and allowed to stand on ice for 10 min. The aliquot was centrifuged at 10,000 x g for 20 min. The supernatant was discarded. The pellet was washed twice with 0.2 N PCA, suspended in 6 ml of 0.5 N PCA and heated for 20 min at 70-80°C. The suspension was centrifuged at 10,000 x g for 20 min and the supernatant was used for DNA analysis.
The DNA content was measured in triplicate with the diphenylamine reaction as described by Burton (6) . To I ml of the above supernatant, 2 ml of diphenylamine reagent was added and incubated for 16-1 8 hr at room temperature in the dark. The absorbance was read at 600 nm.
Radiotnetty
Two 200-4 aliquots of the above supernatant were added to 10 ml of no-Scint-TM I1 (Radiomatic Instruments and Chemical Co., Inc., Tampa, FL) and the radioactivity was quantitated in a scintillation counter with automatic quench correction (Searle Analytical, Desplaines, IL). 3H-thymidine incorporation data are represented as c p d m g DNA.
A lit oradiograph y
The liquid emulsion dipping method for high resolution autoradiography was used (19) . At 6 and 24 hr after CCl, administration to rats (SH or PH), the livers were excised. Rats received 'H-thymidine (50 pCi/animal) ip 2 hr before killing. The excised livers were sliced and fixed in 10% neutral buffered formalin. After fixation, the liver slices were processed for embedding in parafin. Sections of 5 pm thickness were prepared, dewaxed and coated with photographic liquid emulsion, Kodak NTB, (Eastman Kodak Company, Rochester, NY). These liver sections were exposed for 5 weeks at 5°C in a lightproof box. The autoradiographs were developed in a Kodak D-19 developer and stained with hematoxylin and eosin. The number of grains per cell and number of hepatic nuclei bearing the label were estimated in 8-10 non-overlapping areas of the stained liver sections. Total number of cells taken into account in each animal exceeded 500. .The labelling index was expressed as percentage labelled cells. In this procedure, the background grain count was minimal (<3) and.all the cells considered for the calculation of the labelling index contained more than 10 graindcell.
Seriim Enzymes
Serum transaminases activities (SGOT and SGPT)
were measured and quantitated by the method of Reitman and Frankel (34), using Sigma diagnostic kits.
Light Microscopy
When the animals were sacrificed under ether anesthesia, the liver was rapidly excised, rinsed in 0.9% saline, blotted and weighed. A portion of liver was sliced and fixed in phosphate buffered 10% formaldehyde and then embedded in paraffin. Sections were stained with hematoxylin and eosin (H&E).
Morphoinctry
Tissuc sampling and counting procedures employed were those described by Weibel et a1 (45) . Four blocks of liver from each animal were embedded, processed, and sectioned at 5 pm. Sections from each block were projected at a final magnification of 1,000 onto a test screen containing a frame of 19,700 pm area and a quadrate lattice.of 841 points. Fifty separate counts per animal were made on randomly selected areas of hepatic parenchyma. The observations were randomized by starting from the left hand comer and by moving the slide randomly back and forth on the stage of the microscope. Since volume density represents the percentage of total cells, we chose this method of morphometric anal- ysis and quantitation of numerical density was not attempted. The tabulations from the counts included hepatocytes with lipid, swollen, and necrotic hepatocytes. Volume density of hepatocytes with each of various morphologic features was separately determined. Individual morphometric data were averaged and the standard errors of means were calculated.
Lethality St iidies
CC1,-induced lethality was determined in SH and PH rats by administering CCI, at 2 days or 7 days after surgical manipulations. The animals received a single 2.5-mVkg ip dose of CCI,. The rats were observed for 48 hr after CCl, challenge and the lethality was recorded.
St at ist ics
The responses of DNA, 'H-T incorporation, GOT and GPT were analyzed as a 3 x 3 factorial experiment in a completely randomized design. Corn oil, 0.1 ml CCl, and 2.5 ml CCI, made up the 3 levels of the first factor. SH, PH, (2 days after PH) and PH, (7 days after PH) made up the 3 levels of the -Serum glutamic-oxalacetic transaminase levels at 6 and 24 hr after CCI, administration to rats undergoing different surgical manipulations. CCI, was administered to rats undergoing sham operation (SH), 2 days after partial hepatcctomy (PH,) and 7 days after partial hepatectomy (PH,). Rats undergoing different surgical manipulations were injected with corn oil (0) or CCl, at 0.1 mV kg (0) or 2.5 mVkg (m). 'H-thymidine (50 pCilrat) was injected 2 hr before sacrificing the rats. Values are the mean SE. n = 4 or 6. t indicates that the values obtained from the rats treatedwith 2.5 ml/kgCCI,were significantly different from corn oil or 0.1 mVkg CCI, treated rats in that particular group. *Significantly different from SH and PH, rats of the same treatment. second factor. Student-Newman-Keuls multiple range test with a = 0.05 was used to test for significantly different means, once significant effects were found in the analysis of variance. When the 2-factor interaction was found significant, the Student-Newman-Keuls multiple range test was used to look for significant differences among means of the first factor at each level of the second factor. Student's t-test was also used for some comparisons at the level ofp < 0.05 and represented by asterisks in the Fig. 1 shows DNA levels and 3H-T incorporation into nuclear DNA over a 7-day time-course following different surgical manipulations. This experiment was done in order to reproduce the widely reported sequential responses to partial hepatectomy. The incorporation of IH-T in hepatocellular nuclear DNA was measured as an index of hepatocellular regeneration. DNA levels and IH-T incorporation remained similar over the entire time-course in the rats, which underwent either no surgical manipulation or underwent only sham operation. However, in the partially hepatectomized (PH) rats, DNA Significantly different from SH and PH, rats of the same treatment.
RESULTS
Liver Regeueratioti Following Partial Hepatectomy
content decreased slightly 1 day after PH and recovered to normal level by 4 days. Following PH, 3H-T incorporation was significantly elevated by 1 day, and peak regenerative activity represented as greater 'H-T incorporation was observed at 2 days. By 7 days, the regenerative activity of PH rats returned to SH level (Fig. 1) indicating a phasing out of the hepatocellular regeneration.
Esahatioti of CCI, Hepatotoxicity
Hepatotoxicity of a subtoxic dose (0.1 ml/kg) and a toxic dose (2.5 mVkg) of CCl, was studied in SH and PH rats at 2 or 7 days after the surgical manipulations. These time points were chosen on the basis of peak hepatocellular regeneration at 2 days and recovery to basal levels of hepatocellular regeneration at 7 days after PH (Fig. I) .
Hepatotoxicity of CCI, was assessed by measuring serum GOT and GPT levels followed by histopathological observations of liver sections in SH and PH rats ( Figs. 24) . CCI, challenge at 0.1 ml/kg resulted in only slight increases in serum enzyme levels at 6 and 24 hr of treatment. However, a significant hepatotoxicity was evident when the rats were injected with CCI, at 2.5 mVkg. Among different groups of rats, CC1,-induced elevations in serum GOT and GPT were lower in 2 days after PH (PH,), when compared to SH and 7 days after PH (PH,). This observation was quite evident at 24 hr after CCI, challenge. CCI,-induced elevations of GOT at 6 and 24 hr after administration were 10to 22-fold in SH, 6to 10-fold in PH, and 14-to 22-fold in PH, rats (Fig. 2) . A similar trend was observed with serum GPT elevations except that the increase was several-fold higher (Fig. 3) .
Histopathological changes were assessed by observing liver sections for necrotic, fat containing and swollen hepatocytes. The histological findings and histomorphometric analysis are presented in Fig. 4 and Tables 1-111. Swollen cells were identified by enlargement and the pale staining of cytoplasm and necrotic cells were identified by pyknotic,nuclei. Cells containing lipid were identified by round droplets within the cytoplasm. Low dose of CCI, resulted in only 3-5% necrotic hepatocytes. However, high dose of CCl, resulted in significantly greater percentage of necrotic cells ( Fig. 4) : high dose CC1,-induced necrotic cells at 24-hr-time period were 45.9% in SH, 66.6% in PH, and only 26.1% in PH, rats (Table  I) . A similar trend was observed with regard to swollen hepatocytes and cells containing lipid droplets (Tables I1 and 111 ): in a 24-hr-time period, high dose CC1,-induced swollen as well as lipid containing cells were, respectively, 17.6% and 35.8% for SH, 13.9% and 31.5% for PH,, and only 2.7% and 25.5% for PH, rats. From these histomorphometric studies, it is clear that histopathological changes induced by the high dose of CCl, were less in PH, rats when compared to SH and PH, rats. Both biochemical as (2.5 mVkg, ip) . The rats were obscmcd For 48 hr and the mortality was rccordcd.
Significantly different from sham and 7 days panial hcptectomy groups.
3
r. well as histopathological observations indicate that toxicity of a high dose of CCI, was significantly decreased in rats stimulated for liver regenerative activity. Table IV represents CCl, (2.5 ml/kg)-induced 48 hr lethality in SH and PH rats. The mortality was 70% for SH rats, whereas the mortality was lOqo in PH, rats, indicating protection ofanimals from CCI, toxicity at the time of maximal hepatocellular regeneration. The mortality was 90% in PH, rats which was statistically not different from the SH group, indicating phasing out of this protection by 7 days after PH when hepatocellular regeneration stimulated by PH was also phasing out.
CC14 Lethality Studies
DNA Lesels atid 3H-thytniditie Iticorporatioti afier CCI, Treatnient
Figs. 5 and 6 show DNA content and 'H-T incorporation in the liver nuclei of SH and PH rats, 6 and 24 hr after CCI, administration at 0.1 mVkg or 2.5 mVkg. We chose the time periods of 2 and 7 days after PH to study the toxic effects ofCC1, based on the findings of Fig. 1 indicating livers with high regenerative activity and livers with minimal regenerative activity, at those 2 time points, respec- to rats undergoing sham operation (SH), 2 days after partial hepatectomy (PH,) and 7 days after partial hepatectomy (PH,). CCI, decreased the percentage labelled cells as well as grain counts in PH, rats. H&E. x400. Insert represents higher magnification ( x 1,000) showing the number of grains in a hepatocyte.
HOURS AFTER CC14 (2.5 ml/kg)
tively. CCI, at 0.1 mYkg dose changed neither DNA nor 'H-T incorporation either at 6 or 24 hr after the CCI, administration (Figs. 5 and 6 ). The decrease in DNA by CCl, at 2.5 mVkgdose was not significant at 6 hr, but was statistically significant at 24 hr (Fig.   5 ). 3H-T incorporation in PHI rats was significantly different in comparison to the SH or PH, groups during corn oil or CCI, treatment (Fig. 6 ). However, among PH2 rats, 3H-T incorporation was significantly lower in high dose of CCl, (2.5 ml/kg) treated rats when compared to corn oil or low dose of CCI, (0.1 mVkg) treated rats (Fig. 6 ). sections at 6 and 24 hr after CCI, administration to rats undergoing different surgical manipulations are presented in Figs. 8 and 9 , respectively. In agreement with 'H-T incorporation, the % labelled cells and grain counts were significantly higher at 2 days post-PH and returned to normal SH level by 7 days post-PH ( Fig. 7) . CCl, at 0.1 mVkg dose did not
TOXICOLOGIC PATHOLOGY
HOURS AFTER CCl4 (2.5 ml/kg)
A tctoradiograph ic A tialysis of Liver Sectiotu
The Yo labelled cells and total number of grains per cell from the liver sections obtained after CCl, administration to SH, PH, and PH, rats are presented in Fig. 7 . The autoradiographs of typical liver change the labelling index represented as Yo labelled cells ( Fig. 7) . However, 2.5 ml/kg dose of CCI, significantly decreased the percentage labelled cells as well as grain counts in PH, rats when compared to corn oil or 0.1 mVkg dose of CCI, (Figs. 7-9 ), suggesting the inhibitory effect of high dose of CCI, on hepatocellular regeneration. This observation is consistent with 'H-T incorporation studies (Fig. 6) . Although high dose of CCI, decreased the Yo labelled cells in PH2 rats, it is still significantly higher than SH or PH, groups because of the stronger stimulating effect of PH.
DISCUSSION
Since we have gathered significant and substantial information in support of the concept that progression of liver injury depends on the biology of hepatocellular regeneration and hepatolobular restoration (3, 24, 26, 27, 29) , we were interested in testing these concepts after CCI, injury employing only CCI, at a dose sufficient to cause significant liver injury. In other words, can we view the injury of a large dose of CCI, as that caused by two events? First event being the widely accepted bioactivation followed by lipid peroxidation. The second event being a lack of hepatocellular regeneration and hepatolobular restoration. The progression of injury is dependent on the second event. If progression of massive injury after administration ofa clearly toxic dose of CCI, (e.g. 2.5 ml/kg) is due to impaired cell division and accordingly suppressed restoration of hepatolobular architecture, then stimulation of the liver cells to divide by partial hepatectomy, beforehand, should afford protection. If not, these animals should be just as sensitive to the hepatotoxic and lethal effects of CCI, (2.5 ml/kg). Therefore, administration of CCI, (2.5 mI/kg) 2 days after partial I. hepatectomy should result in much less toxicity, if our thinking is right. Administration of CCI, 7 days after partial hepatectomy should restore the original toxicity since stimulation of liver cells for division would have phased out by 7 days post-partial hepatectomy.
The results of the present studies indicate that PH affords protection against CCI, hepatotoxicity and lethality if CCl, is administered at the time of stimulated hepatocellular regeneration. This conclusion is supported by the significantly decreased serum enzyme levels followed by decreased histopathological alterations as well as a significant protection against the CC1,-induced lethality observed in the PH, animals. The serum enzyme elevations and histopathological changes induced by high dose of CCI, (2.5 mVkg) were significantly lower in the rats having actively regenerating liver (PH,) when compared to normal (SH) rats. Further, CC14-induced lethality was significantly reduced in PH, rats when compared to SH rats indicating that rats having actively regenerating livers are resistant to CCl, toxicity and stimulation of liver regeneration by PH protected the rats from the CCI, toxicity. The experiments conducted on PH, rats, when hepatocellular regeneration stimulated by PH had all but phased out, indicate a clear restoration of the sensitivity to the hepatotoxic and lethal effects of CC1,. The serum enzyme elevations and histopathological changes were significantly greater in PH, rats when compared to PH2 rats and approximately equal to those observed in SH rats. Similarly, CC1,-induced lethality was greater in PH, rats when compared to PH, rats reflecting a phasing out of protection afforded by PH, when stimulated hepatocellular regeneration had phased out. Several reports indicating that isolated hepatocytes prepared from PH rats are more resistant to hepatotoxins like atlatoxin B,, methylmethane sulfonate, adriamycin, methotrexate and CHC13 (9, 38, 39) have appeared. These studies suggest that new dividing cells arc resistant to hepatotoxins. These findings imply that a single biological event resulting in stimulated hepatocellular regeneration may accomplish 2 objectives. First, a restoration of hepatolobular architecture by replacing necrotic cells resulting in repair and renovation (29) . Second, in view of the reported relative resistance of newly dividing cells to several hepatotoxins, the newer architecture ofthe hepatolobules is inherently protected (3, 24) . In the meantime, the majority of the administered CCI, would be eliminated (7) allowing a more complete recovery from ordinarily anticipated hepatotoxic and lethal effects of a toxic dose of CCI,.
Other possible explanations of the protection of CCI, toxicity by PH include a decreased bioactivation of CCI, in PH rats. This cannot be ruled out at this time entirely, since PH apart from inducing liver regenerative activity, decreases hepatomicrosomal cytochrome P-450 (2, 6, 20, 38) and increases cellular GSH (3, 38) . However, we have several lines of evidence that protection afforded by PH is not related to decreased cytochrome P-450. First, Bell et a1 (3) reported that rats treated with CoCI,, resulting in 66% reduction in hepatic microsomal cytochrome P-450, were found to be just as sensitive to CCI, as rats not exposed to CoCI,. It is noteworthy that even a 66% reduction in hepatic microsomal cytochrome P-450 did not affect the CCI, hepatotoxicity. Second, while the level of hepatic microsomal cytochrome P-450 was essentially the same in PH, and PH, rats (2, 3, 38) , protection was observed only in PH, rats. The third line of evidence comes from itz viro 14CCl, metabolism experiments where PH did not alter 14CCI, disposition or metabolism significantly (47) . TOXICOLOGIC PATHOLOGY Low dose of CCI, (0.1 mVkd Changed neither DNA, 3H-T incorporation nor % labelled cells at 6 or 24 hr after the administration. However, high dose of CCI, decreased 'H-T incorporation in PH, rats which is indicative of the inhibition of new DNA synthesis. Supporting this observation, autoradiographic examination of liver sections revealed a decrease in T o labelled cells and grain count following CCI, (2.5 mVkg) administration to PH, rats. The decrease in DNA levels seen at 24 hr after the high dose of CCI, in PH, rats is reflective of decreased DNA synthesis in comparison to the low dose of CCI, or corn oil treatment (Fig. 5) . However, the decrease in DNA levels at 24 hr could be mainly. due to the hepatocellular necrosis since DNA levels were not significantly decreased at 6 hr at which time frank necrosis does not appear (33, 37, 44 ).
Furthermore, although there is significant inhibition of 'H-T incorporation at 6 hr post-CCI,, DNA levels were not altered. This suggests that decreased DNA levels at 24 hr were mainly due to cellular necrosis at that time period and DNA lost because of cell death is not compensated by new DNA synthesis, again supporting the observation that CCI, suppresses hepatocellular regeneration.
These findings suggest that hepatocellular division during early time points after the administration of CCI, is an important determinant of the progression (or repair of it) of the liver injury and consequent destruction (or restoration) of the hepatolobular architecture and function. These studies also advance our understanding of the mechanism of hepatotoxic and lethal effect of CCI, as being primarily related to the accelerated progression of liver injury due to suppressed hepatocellular regeneration and hepatolobular restoration. This concept is in contrast to the widely accepted putative mechanism, which invokes only bioactivation followed by runaway lipid peroxidation as the events determining the course of the progressive phase of liver injury. The present concept being advanced, accepts bioactivation and (perhaps lipid peroxidation) as the primary initiating events of cell injury but are not the determinants of the progressive phase of liver injury. The biological issue of whether the cells can regenerate or not is the determinant of the progression of liver injury, and therefore, the ultimate outcome ofhepatotoxicity and lethality. Such a phenomenon has not been reported in the literature so far.
